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I . INTRODUCTION 

The 0 .  S. S tandard  Atmosphere, 1976 (Ref .  1) h a s  r e c e n t l y  
been pub l i shed  and r e p r e s e n t s  t h e  most c u r r e n t  t hough t  on t h e  
d e f i n i t i o n  of t h e  atmosphere from t h e  s u r f a c e  t o  1000 km. The 
r e p r e s e n t a t i o n  is t h a t  of a s t e a d y - s t a t e  idealized atmosphere 
under  moderate solar a c t i v i t y .  T h i s  r e p o r t  documents a computer 
v e r s i o n  o f  t h i s  S tandard  Atmosphere (US 76). 

The computer ve r s ion  of US 76 w a s  des igned  t o  be a 
f l e x i b l e  t oo l  which cou ld  be modified t o  t h e  u s e r ' s  needs  w i t h  
minimum e f f o r t  or knowledge of t h e  mechanics of t h e  program. For  
t h i s  purpose t h e  program is segmented i n t o  three d i s t i n c t  a l t i t u d e  
r e g i o n s  which  r e p r e s e n t  s e p a r a t e  c a l c u l a t i o n s .  The program can  
be used a s  a s i n g l e  package or  may be e a s i l y  d i v i d e d  i n t o  
p e r t i n e n t  subprograms f o r  s p e c i a l i z e d  u s e .  

The computer program has  been tested and w i l l  r eproduce  
t h e  U . S .  S tandard  Atmosphere, 1976, t ab le  v a l u e s  of each pa ra -  
meter t o  a t  least  three s i g n i f i c a n t  f i g u r e s .  The least a c c u r a t e  
v a l u e s  a r i se  from c a l c u l a t i o n s  r e q u i r i n g  numer ica l  i n t e g r a t i o n s ,  
and these could  be improved by d e c r e a s i n g  t h e  t o l e r a n c e  allowed 
i n  t h e  numerical  i n t e g r a t i o n s .  

Comparison of t h e  U S  76 w i t h  o ther  r e c e n t  atmospheric 
models r e v e a l s  a r e v e r s a l  of t h e  t r e n d  to  attempt t o  reproduce  
t h e  v a r i a b i l i t y  of t h e  atmosphere.  I t  h a s  been noted  t h a t  t h e  
s t r u c t u r e  of t h e  c u r r e n t  model l e n d s  itself t o  t h e  same t y p e  of 
modif icat ions found i n  t h e  U .  S .  S t anda rd  Atmosphere Supplements ,  
1966 ( U S  66) which were made t o  t h e  U. S. Standa rd  Atmosphere, 
1962 ( U S  62). I t  would appear  r e a s o n a b l e  to  propose  t h a t  such  
modii icat ion t o  t h e  computer program p r e s e n t e d  here would be t h e  
m o s t  n a t u r a l  method f o r  i n c l u d i n g  t h e  v a r i a b i l i t y  of  t h e  upper  
atmosphere w i t h i n  t h e  con tex t  of U S  76. 
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Because of the lack of representation of atmospheric 
variability usage of this program is somewhat limited. The 
principal uses of this program are considered to consist of three 
types of user requirements. First, this program provides a 
current and a well documented atmosphere model which could be 
used by researchers requiring representative values for given 
atmospheric parameters in their programs. Second, for comparisons 
with other atmospheric models or atmospheric measurements this 
program could be used for the production of graphical comparisons. 
Third, the program could be used as a substitute for a more 
complex atmospheric model for program development and checkout. 

Much of the code for the US 76 computer program was 
developed and checked out with the use of a programmable hand 
calculator. Consequently, it would be a simple extension of the 
current work to optimize the instruction codes and storage 
requirements of the larger program for use on such calculators. 
One such program is already in use, the calculation of atmospheric 
density from the earth's surface to 32 km has been reduced to a 
56 step program requiring only 15 storage locations on one such 
calculator. With card input available on these calculators it 
would appear that a "portable" U. S. Standard Atmosphere 1976, 
could easily be produced. 

The discussion of the US 76 computer program introduced 
in this section is amplified in the sections which follow. A 
detailed description of the computer program is presented in 
Section 11. In Section I11 the use of the program is described 
along with methods to specialize the program to the user's needs 
without modifying the code. In Section IV the US 76 model is 
compared with other current atmospheric models and some 
suggestions are given as to how the program might be modified to 
account for some atmospheric variability. Finally, the results 
are summarized in Section V. A complete program listing is 
provided in the Appendix. 



11 .  PROGRAM DESCRIPTION 

The U. S. Standard Atmosphere, 1976 (US 76)  is based on 
an empirical temperature profile for 45N during moderate solar 
activity (Ref. 1). This temperature profile is shown in Figure 
11-1 along with that for the US 62. 

or density, is obtained from the integration of the hydrostatic 
equation; above 86 km density is obtained from the intergation of 
the diffusion equation for each individual atmospheric constitu- 
ent. The remaining state variable, either pressure or density, 
is obtained from the other two using the gas law for an ideal gas. 

Below 86 km the pressure 

The temperature below 86 km, as shown in Figure 11-1, is 
specified by segments which are linear functions of geopotential 
altitude. Between 86 km and 91 km the atmosphere is assumed to 
be isothermal and between 110 km and 120 km the temperature is 
a linear function of altitude. Between 91 km and 110 km the 
temperature is represented by a section of an ellipse. Above 
120 km the temperature increases exponentally and is asyptotic 
to 1000°K. The altitude described is measured along a line 
perpendicular to a gebpotential surface and the altitude is 
taken to be zero along the geopotential surface at mean sea level 
(see Ref. 12,pp 217-219).  Reference 1 should be consulted for all 
questions concerning the definition of parameters. 

The US 76 subroutine is divided by temperature regions. 
Figure 11-2 shows the structure of the subroutine. Subroutine 
US 76 calls one of three subroutines, LDEN, W E N ,  or NDEN, depend- 
ing upon the altitude designated by the calling program. These 
three subroutines will calculate the density, pressure and 
temperature within these given altitude ranges using the support- 
ing subroutines and functions shown. The subroutine LDEN has no 
actual supporting routines. The subroutines AUXl and AUX2 are 
called to calculate other parameters in the 0 to 86 km altitude 
range, such as mean collison frequency and dynamic viscosity. 
Thus, these routines are not called by LDEN but by US 76 .  

3 
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The r e m a i n i n g  port ion of t h i s  s e c t i o n  w i l l  b e  devoted  
t o  d e s c r i p t i o n s  of each  r o u t i n e .  The a n a l y t i c a l  development of 
t h e  e q u a t i o n s  upon which t h i s  program is based are developed  i n  
Reference  1. Because of t h e  n a t u r e  of t h i s  r e p o r t  it is assumed 
t h a t  t h e  r e a d e r  is f a m i l i a r  w i t h  t h i s  a n a l y t i c  development or h a s  
ready  access t o  Reference  1. Thus, t h e  a n a l y t i c  development of 
e q u a t i o n s  w i l l  n o t  b e  r e p e a t e d  h e r e  and e q u a t i o n s  may be  p r e s e n t e d  
wi thout  a complete d e s c r i p t i o n .  Inpu t  and o u t p u t  pa rame te r s  
t o  t h e s e  s u b r o u t i n e s  w i l l  be  d e s c r i b e d  i n  S e c t i o n  111. 

2 . 1  SUBROUTINE US 76 

Th i s  r o u t i n e  is t h e  b a s i c  c a l l i n g  r o u t i n e  f o r  t h e  U. S. 
Standard  Atmosphere, 1976. As s u c h ,  it d e t e r m i n e s  t h a t  t h e  
a l t i t u d e  r eques t ed  by t h e  c a l l i n g  program is w i t h i n  t h e  
a p p r o p r i a t e  l i m i t s ;  

0 - -  < z < 1000 km 
o t h e r w i s e , a l l  r e t u r n e d  v a l u e s  w i l l  be zero. Also, t h i s  r o u t i n e  
a s c e r t a i n s  w h a t  i n fo rma t ion  has  been r e q u e s t e d  by t h e  c a l l i n g  
program and r e t u r n s  t h a t  i n fo rma t ion  (see S e c t i o n  111). 

2 .2  SUBROUTINE LDEN 

Subrout ine  LDEN computes t h e  t e m p e r a t u r e ,  d e n s i t y  and 
p r e s s u r e  i n  t h e  r e g i o n  between 0 and 86 km. The t empera tu re  is 
computed from t h e  h y d r o s t a t i c  e q u a t i o n  and t h e  s ta te  e q u a t i o n  
u s i n g  t a b u l a t e d  v a l u e s  o f  d e n s i t y  f o r  each  t empera tu re  i n t e r v a l .  
The p r e s s u r e  is c a l c u l a t e d  from t h e  s t a t e  e q u a t i o n .  

2 . 2 . 1  Subrout ine  A U X l  

Subrout ine  A U X l  does  n o t  s u p p o r t  LDEN b u t  calculates 
t h e  mean a i r  p a r t i c l e  s p e e d ,  t h e  mean f r e e  p a t h ,  t h e  mean 
c o l l i s i o n  frequency and t h e  speed  of sound below 86 km. The 
formulae used i n  t h i s  r o u t i n e  are  g iven  i n  Refe rence  1. 

2.2.2 Subrout ine  AUX2 

Subrout ine  AUX2 does  no t  s u p p o r t  LDEN b u t  c a l c u l a t e s  t h e  
dynamic and k i n e m a t i c  v i s c o s i t i e s  a s  w e l l  as  t h e  the rma l  

6 



c o n d u c t i v i t y  of t h e  atmosphere below 86 km. The formulae  used  
i n  t h i s  r o u t i n e  are given i n  Reference  1. 

2.3 SUBROUTINE MDEN 

Subrou t ine  MDEN computes t h e  t e m p e r a t u r e ,  d e n i s t y  and 
p r e s s u r e  i n  t h e  r e g i o n  between 86 and 120 km. I n  t h i s  r e g i o n  
t h e  t empera tu re  is i so the rma l  between 86 and 91 km, an e l l i p t i c a l  
f u n c t i o n  of a l t i t u d e  between 91 and 110 km, and a l i n e a r  f u n c t i o n  
of a l t i t u d e  between 110 and 120 km. The d e n s i t y  is computed 
from t h e  d i f f u s i o n  equat ion  i n  t h e  form 

ni(Z) = ni(Zo) - T;;;; exp 1-4 [ f ( Z )  + Di vi + K ] d Z  1 (1) 
where  t h e  s u b s c r i p t  i n d i c a t e s  t h e  a tmosphe r i c  c o n s t i t u e n t .  The 
t e r m  vi/(Di + K )  r e p r e s e n t s  a d i f f u s i o n  t r a n s p o r t  which is 
parameterized t o  account  f o r  a c t u a l  c o n s t i t u e n t  d i s t r i b u t i o n  
between 86 and 120 k m .  T h i s  t e r m  can  be w r i t t e n  as 

The  i n t e g r a l  i n  Equat ion  (2) cannot  be s o l v e d  a n a l y t i c a l -  
l y  i n  t h i s  r e g i o n  and m u s t  be e v a l u a t e d  numer i ca l ly .  T h i s  
e v a l u a t i o n  is performed by t h e  s u p p o r t i n g  r o u t i n e s  INTEG and F(Z) .  

The t e m p e r a t u r e , d e n s i t y ,  t h e  c o n s t i t u e n t  number d e n s i t y  
and t h e  p r e s s u r e  are a l l  e v a l u a t e d  i n  MDEN. The d e n s i t y  is 
computed from t h e  number d e n s i t i e s  of t h e  c o n s t i t u e n t s  which are 
eas i ly  o b t a i n e d  once t h e  i n t e g r a l  i n  Equat ion  (2) is e v a l u a t e d .  

2.3.1 Subrou t ine  INTEG 

Subrou t ine  INTEG e v a l u a t e s  t h e  i n t e g r a l  

u =  l z T f ( Z )  d Z  
Z 
0 

7 



using Simpson's 113 Rule. Because the calculations made in this 
routine are not described in Reference 1, a more complete 
description of this routine will be given in the following 
paragraph. 

Simpson's Rule approximates the 

'k - - 3 (fo + 2fl + 4f2 + 2f3 + 

where h is the altitude interval between 

function U by 

4f4 + + 4fk-l'fk) 

terms, h = Zk - zk-1. 
In programming Simpson's Rule no redundant calculations were 
allowed. Thus, the calculation proceeded in the following 
manner where h = - ('T - '0) 1 

IO = f(Zo) + f(ZO + 2h) 

I1 = f(Z + h) 

I2 = f(ZO + h/2) + f(Zo + 3 h / 2 )  

I3 = f(Zo + h/4) + f(ZO + 3 h/4) + f (Zo + 5 h/4) 

+ f(Zo + 7 h/4) 

3h 1 + f(ZO + + * Ik = f(Zo + - h 
2k-1 

Then take 

J1 = Io + 411 

J2 = J1 - 21,. + 412 

J3 = J2 - 212 + 413 

8 



. .  ~~ . .. . - .-- - - - _  . . ._ _ _  . . . . . - . . - . _._ __ 

From which t h e  estimates U are o b t a i n e d  k 

where: m = h/3  

A s  programmed t h e  estimate U is accep ted  i f  k 

where E is a predetermined cons t an t ,  o r  it is t e r m i n a t e d  i f  k 
exceeds  some g iven  l i m i t .  I n  t h e  program p r e s e n t e d  i n  t h e  
Appendix 

k = 10 

t e r m i n a t e s  t h e  numer ica l  i n t e g r a t i o n  and Uk is r e t u r n e d  as t h e  
f i n a l  estimate. These v a l u e s  cannot  be changed w i t h o u t  modifying 
t h e  code. 

2 .3 .2  Funct ion  F(Z) 

The f u n c t i o n  i n t e g r a t e d  i n  INTEG is 
R* 

E] ( 3 )  ai M * K  
g d Z  

9 



which is Eq (36) of Reference 1. In this equation the molecular 
diffusion coefficient Di, the eddy diffusion coefficient K, the 
mean molecular weight hi, the acceleration due to gravity g, 
the temperature T, and the temperature gradient dT/dZ are 
functions of altitude. The gas constant R*, the molecular weight 
of the constituent Mi and the thermal diffusion coefficient ai 
are constants. 

The acceleration of gravity, the eddy diffusion coef- 
ficient, the temperature and temperature gradient are simple 
functions of altitude and can be immediately evaluated from the 
equations given in Reference 1. The mean molecular weight is 
taken to be 28.9644 g/mole between 86 and lOO/km; above 100 km 
the mean molecular weight is taken to be 28.0134 for the calcu- 
lation of the number densities of molecular nitrogen, atomic 
oxygen and molecular oxygen. Reference 1 suggests that the 
number densities of Argon and Helium be evaluated above 100 km 
using a mean molecular weight based on the number densities of 
nitrogen and atomic and molecular oxygen at the given altitude. 
Since the mean molecular weight based on the three dominant 
constituents is nearly the same as the actual mean molecular 
weight, the latter was approximated between 100 km and 120 km 
by a polynomial 

m = bo + blZ + b2Z2 + b3Z3 + b4Z 4 

This value was used only in the calculation of Argon and Helium 
above 100 km. 

The molecular diffusion coefficient is dependent upon 
the total number density. It was impractical to compute this f o r  
every altitude interval; consequently, the molecular diffusion 
coefficient was approximated by a fourth order polynomial 

10 



2.4 SUBROUT I NE NDEN 

Subroutine NDEN calculates the temperature, density and 
pressure above 120 km. 
densities of all constituents except hydrogen. 

This routine also calculates the number 

In the region above 120 km the eddy diffusion coefficient 
K vanishes. Thus, the function f(Z) reduces to 

The functional form of the temperature with altitude allows the 
integral 

Z 
U = 1 f(Z) dZ 

to be evaluated analytically. 

2.4.1 - Subroutine WYD 

Above 150 km the hydrogen number density is computed 
Above 500 km the hydrogen number density in subroutine NHYD. 

is computed from Eq (1) with f(Z) defined by Eq (4). 
for hydrogen G(Z) = 0 in Eq (2) and the base of the integral 
in Eq (5 )  is taken as Z, = 500 km rather than 120 km. 
150 km and 500 km, Eq (1) is modified so that 

However, 

Between 

11 



This is Eq (39) of Reference 1. It should be remembered that 
Zo= 500 km and 150 
Here 

Z < 500 km when this equation is applied. 

r u = 1' f(Z) dZ 

zO 

The integral in Eq ( 6 )  is evaluated numerically by 
Simpson's 1/3 Rule. The method used is identical to that 
described in Section 2.3.1. Note that if the calculation does 
not converge to the preselected limit, E = 0.0001, the last 
estimate Ul0 is accepted as the value of the integral and an 
error message is printed. 

2.4.2 Function FX(Z) 

The Function FX(Z) is given by 

FX = L T O  D(H) (T(Z0)) eT 

from Eq(6). As before the molecular diffusion coefficient D ( H )  
depends upon the total number density. In Function F(Z) the 
diffusion coefficient was approximated by a fourth order poly- 
nomial, here the altitude range for the integral is too large. 
Consequently, the total number density N was approximated by 

gn N = a i + al i z + a2 i 2  z + s3i~3 + a4 i 4  z 
0 

where the superscript is added because the approximation is 
divided into four regions 

150 < Z < 240 - 
240 < Z < 340 - 

i =  

12 



The diffusion coefficient was then computed 
number density by 

from this total 

where a, b, and To are constants defined in Reference 1. 
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111. PROGRAM USE 

The US 76 computer program was designed in a modular 
fashion, meaning that certain sections of the program can be 
easily adapted for use without using the entire subroutine 
package. This is accomplished by making various sections 
independent of the other sections of the program and by keeping 
the subroutine interfaces or linkages simple. In this section 
the input and output of the program are described. The common 
blocks are also described so that similar names or parameters can 
be avoided in the user's program or easily changed in the US 76 

subroutine package. The interfaces between routines are 
discussed along with possible segmenting of the subroutine 
package. 

3.1 INPUT/OUTPUT 

Subroutine US 76 has six arguments 

SUBROUTINE US76(Z,ID,DEN,PRES,TEMP,A) 

The only inputs are the altitude Z given in kilometers and an 
indicator ID which is a constant equal to or greater than zero. 
The outputs are density DEN given in kg - m-3, the pressure 
PRES given in millibars and the temperature TEMP given in degrees 
Kelvin. Additional output is stored in the vector A which is 
dimensioned A(7) and needs to be so dimensioned in the calling 
program. Below 86 km the vector A may contain dynamic and 
kinematic viscosity, thermal conductivity, mean free path 
collision frequency, particle velocity and speed of sound. All 
of these are given in metric units corresponding to those found 
in Reference 1. Above 86 km the vector A contains the number 
densities of the six constituents and the total number density 
given in per cubic meter. 

The input and output are summarized in Figure 111-1. 
The output allows the user to reproduce most of the data found 
in the tables of Reference 1. However, many parameters are not 
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made available to the user without suitable calculations or 
conversions made in the calling program. At no altitude is 
geopotentialheight or any parameter as a function of geopotential 
height given. English units are not used in this subroutine 
package. Ratios of parameters which are found in the tables of 
Reference 1 are not available from these routines. In addition, 
the acceleration of gravity, while calculated in the routines, 
is not available as output nor is the mean molecular weight nor 
is the total number density below 86 km. The pressure scale 
height is not computed. With these exceptions the tables of 
Reference 1 can be reproduced to three significant figures. 

3.1.1 Error Messages 

There are two error messages which the user could 
encounter but are unlikely to occur without some modification 
of the subroutine package or the code itself. In general, the 
only error the user can make, if he calls the US 76 subroutine 
with the proper list, is to specify an altitude outside the 
range. This could occur if a negative altitude or an altitude 
greater than 1000 km,was requested. This latter could easily 
occur if the calling program is working in English units and 
no conversion to metric is made before calling US 7 6 .  This error 
will not result in an error message but will result in the 
output for all parameters being zero. 

It should be noted that none of the main subroutines 
LDEN, MDEN or NDEN checks altitude, this is a user responsibility 
if the calling routine US 76 is not used. However, in INTEG 
which is called by MDEN if the altitude is less than 86 km or 
greater than 120 km an error message will be written and the 
integral will be evaluated as zero. The calculation will not 
be terminated. 
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The second error message can be generated either in 
INTEG or in NHYD if the numerical integration fails to converge 
in the specified number of steps. In this case the last computed 
value of the integral is taken and the calculation allowed to 
continue. This contingency has not occurred under normal use and 
would probably only occur should the user modify the convergence 
criteria E 

or modify the number of steps, k, taken before discontinuing the 
numerical integration. 

3.2 COMMON BLOCKS 

The only common blocks occur in routines NDEN, INTEG and 
FX(Z) which are called for altitudes above 120 km. Two common 
blocks are defined in NDEN 

COMMON /BLK2/ AH, XN11, T11, Zll, XMH 
COMMON /BLK3/ TINF, RAD, XL. 

These blocks are used to transfer data to NHYD and FX(Z) and 
could be replaced with the appropriate DATA statement. 

3.3 PROGRAM MODIFICATION 

3.3.1 Subroutine Interfaces 

The interfaces between the subroutine US 76 and the 
main subroutines are all similar. The call to LDEN requires 
only four parameters 

CALL LDEN(Z,DEN,TEMP,PRES). 

The altitude 2 which is input from the calling routine to LDEN 
and density DEN, temperature TEMP, and pressure PRES which are 
output from LDEN to the calling program. The calling sequence 
for MDEN and NDEN are identical and are the same as LDEN except 
for two additional terms 

CALL MDEN (Z ,DEN, TEMP, PRES, A( 1 ) ,A (7 ) ) 
CALL NDEN(Z,DEN,TEMP,PRES,A(l),A(7) ) 
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The first of these terms, which as shown here as A(l), is a 
variable, dimensioned at least 6 locations, and is used to out- 
put number densities of the constituents. The other term A(7) 
requires only one location and is used to output total number 
density. 

The routines AUXl and AUX2 are independent of LDEN but 
require output from LDEN to complete their calculations. Sub- 
routine AUXl requires 

CALL AUXl(Z,TEMP,PRES,A(G),A(4),A(5),A(7) ) 

altitude, temperature and pressure as input. The output consists 
of particle velocity A(6), mean free path A(4), collison frequency 
A(5), and speed of sound A(7). Subroutine AUX2 requires altitude, 
temperature and 

CALL AUX2(Z,TEMP,DEN,A(l),A(2),A(3) ) 

density as input. The output consists of dynamic A(l) and 
kinematic A(2) viscosity and thermal conductivity A ( 3 ) .  

The linkage between MDEN and INTEG consists of only 
three parameters. The input to INTEG is the 

CALL INTEG(N,Z,C) 

constituent index N and the altitude Z. The output is the value 
.of the numerical integration. The interface between INTEG and 
F(Z) is a function 

FUNCTION F(Z,N) 

link requiring as input the altitude and constituent index. 

The link between NDEN and NHYD consists of three input 
parameters and one dimensioned variable to provide output. The 
inputs are the altitude Z ,  

CALL NHYD(Z,T,TlO,XN) 
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the temperature T and a constant temperature at 120 km T10. The 
output requires a dimensioned variable XN(6) but only the last 
position is modified. 
functional linkage requiring only the altitude Z. 

The interface between NHYD and FX(Z) is a 

FUNCTION FX ( Z ) 

as input. 

3.3.2 Modification of Program 

The simpliest modification of the subroutine package 
would be to remove the calling routine as shown in Figure 111-2. 
This allows the user to select only that portion of the code 
relevent to his problem. 

If the user is interested only in the 0 to 86 km 
altitude range then AUXl or AUX2 could be deleted. Alternately 
if the parameters computed by AUXl and or AUX2 were required for 
known input then they could be used independently. 

Another modification would be the construction of a new 
calling routine to produce the thermosphere model shown on 
Figure 111-3. This would be necessary if the entire altitude 
range 86 to above 120 km was required. 

Finally, very simple modifications of the code of 
INTEG would permit the use of this routine as a general Simpson's 
1/3 Rule for which the user supplies the function F(Z). 
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Figure 111-3. Modi f icat ion o f  US 76 for Thermosphere Model 
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IV. MODEL REVIEW 

The U.S. Standard Atmosphere, 1976,is a static model 
representative of conditions in mid-latitudes during moderate 
solar activity. A s  such it presents a single temperature profile 
from the surface to 1000 km as well as single profiles of density, 
pressure, mean molecular weight and all other parameters. The 
US 76 is useful for obtaining representative values of atmospheric 
parameters when deviations from these values are not important 
to the user. However, "because of variability of atmospheric 
conditions with spacial location and solar conditions, invariant 
models of the earth's atmosphere (90 to 2500 km) are not useful 
for most engineering applications" (Ref. 2). Moreover, where 
engineering applications tend to require a global view as opposed 
to a mid-latitude view, a similar statement must hold for the 
atmosphere from the surface to 90 km. 

The variability of the atmospheric structure can easily 
be seen from spacial and temporal distributions of the tempera- 
ture. Figure IV-1 illustrates the distribution as observed, in 
the mean, between the surface and 80 km (Ref. 3). Comparison of 
this figure with Figure 11-1 reveals the similarity of the US 76 
temperature profile with that for the summer months at about 
4 5 O  latitude: - 290°K at the surface, 220° at 20km, 280°k at 50 km 
and 190°K above 70 km. 
indicated even for the winter months at mid-latitudes. Figures 
IV-2 and 3 give a more detailed description of the region between 
40 km and 90 km. From these three figures a general agreement 
about the temperature distribution can be seen even if the 
specifics differ. Finally, Figure IV-4 illustrates the observed 
diurnal and latitudinal variability of the thermosphere tempera- 
ture by means of the global distribution of exospheric 
temperature. 

A somewhat different profile would be 

Since the publication of the US 62 there has been a 
trend toward incorporating the observed variability of the 
atmosphere in Reference Atmospheres, particularly the variability 
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Figure  IV-1. L a t i t u d i n a l  and Seasonal V a r i a t i o n  of Temperature w i t h  A1 ti tude 
a t  S o l s t i c e  (Ref ,  3 )  
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above 90 km. Most notable of these Reference Atmospheres were 
the COSPAR International Reference Atmosphere of 1965 (CIRA 1965) 
and the U. S. Standard Atmosphere Supplements, 1966 (US 66). The 
US 66 included latitudinal and seasonal variability, by means of 
tables, of the atmosphere below 120 km and an analytic represen- 
tation of the atmosphere above 120 km accounting for variations 
due to variable solar activity. More recently, a summarization 
of stratosphere and mesosphere data by Groves (Ref. 5), part of 
which is shown in Figure IV-3, and a revised Thermosphere model 
by Jacchia 571 (Ref. 7) have been combined to form the basis of 
the CIRA 1972. Figure IV-5 illustrates the distribution of exo- 
spheric temperature according to 571. The NASA/MSFC Global 
Reference Atmosphere (Ref. 8 )  also uses Grove's model of the 
middle atmosphere and a Jacchia Thermosphere Model 570 (Ref. 9). 
However, the Global Reference Atmosphere also includes the Four 
Dimensional World-Wide Atmosphere Model (Ref. 10) to provide 
the atmospheric variability from the surface to 25 km. 

The US 76 viewed from a perspective including recent 
trends in the representation of atmospheric variability appears 
to be somewhat of an anachronism and in need of a new "Supple- 
ment". The thermospheric temperature sturcture of US 76 is very 
similar to that found in US 66 and would lend itself to simple 
modification to incorporate solar variability. Figure IV-6 
suggests how that program modification could be made by incor- 
porating a new subroutine to calculate the exospheric tempera- 
ture. However, this simple approach is also anachronistic in 
that it ignores the trend in thermosphere model development. In 
fact, a more likely approach would be the far more complicated 
integration of Jacchia's latest thermosphere model 577 (Ref. 11) 
into any new Reference Atmosphere, the thermosphere temperature 
distribution for this model is shown in Figure IV-7. 

Thus, it would appear that the US 76 while being the 
most recent of the Reference Atmospheres, will find limited use 
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Figure IV-5. Duinal Var ia t ion  o f  Exosphere Temperature from 371 (Ref. 8)  
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a) Equinoxes. 
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b) June solstice. 

Figure IV-7.  Duinal Var ia t ion  o f  Exosphere Temperature from 577 (Ref. 10) 
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i n  t h e  engineer ing  community. However, because i t  is t h e  U .  S .  
Standard Atmosphere it w i l l  c e r t a i n l y  be t h e  standard a g a i n s t  

which a l l  o ther  Reference Atmospheres w i l l  be measured. 
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V. SUMMARY 

A computer v e r s i o n  of t h e  r e c e n t l y  p u b l i s h e d  U. S.  

Standard  Atmosphere, 1976, has been developed .  The computer 
program h a s  been developed i n  modular f o r m  fo r  e a s y  i n c o r p o r a t i o n  
i n t o  t h e  u s e r ' s  program and f o r  e a s y  m o d i f i c a t i o n  for  specialized 
u s e s .  
w i l l  f i n d  l imi t ed  u s e  i n  aerospace research. However, it w i l l  
become t h e  s t anda rd  a g a i n s t  which a l l  other  atmospheric models 
w i l l  be measured. 

Because of t h e  l a c k  of atmospheric v a r i a b i l i t y  t h e  US 76 
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- - _  - - - __---------c___ - I - -  - - -  - -  

t P O R p l b  H A I N p M A I N  
C 
C PROGAH US76 CHECK 
C 

DIHENSION At71 
2 61, 
I D  8 5 
W R I T E ( 6 r 9 W 2 )  

91602 FCIHYAT(?l?)  
00 100 JalpPBB 

CALL U ~ 7 b ~ f ~ I D ~ D E N ~ P R L S ~ 1 ~ ~ l P ~ A )  
WRITE(6 ,Y f lB I )  Z , U E N I Q R ~ S I T ~ ~ P , ( A ( I ) , I ~ ~ , ~ )  

2 . 2 4 5 ,  

9001 FORMAT(2X,F6,1,3X,E12~4,~X,F7~2/9Xlf (3X,E12;4~ 1 
100 CONTINUE 

STOP 
END 

t l O R t  I 3  U376pUS76 

C 
C 
C 
C 
C INPUT 2 ALT I TUFE ( K t 1 1  
C IO JNOICATOR 
C 
C OUTPUT 3EN DENSITY ( K G / M * + 3 )  
C PRES PRESSURE (I%) 
C TEMP TEMPERATURE (PEG K )  
C At71 ADOITIONAL VAk1ARLF.S DEPENDENT ON I D  
C 
C 

c 
C frLTqt36KM ID = 0 NO A ~ D I T I O N A ~  OUTFllf 
C I D  c 1 V I S C O S I T Y  4Nn THERMAL CONDUCTIVITY 

SIJRROIjTItdE US76(2r ID,OEN,PHES,TEMP, 4 )  

U S 7 6  I 3  A CALLING SlJRROUTIwE FOR THE U.3* ST4NDARD ATMOSPHERE, 1976 

. C INDICATOR I N P l l T  

C I O  2 M E A N  FREE PATH@ C O L L I S I O N  FREQUENCY, MEAN 
C PARTICLE V E L O C I T Y ,  ANn SPFEO OF SOUND 
C 10 8 3 BOTH THE A O O V E  
C 
C ZrCE,86YY I D  I B NO A 9 D I T I O N I I  OUTP!JT 
C I D  = 1=3 CONSTITUENT 4ND TOTAL NllMBER DENSXTIES 
C 
C 
C INDIC4TOR OUTPlJT 
C Z,LT.bbKY A ( 1 )  DY N LIY IC V I SCC'S I T  Y ( N+SEC /M+*2 1 

C 
C A ( 4 )  
C A ( 5 )  COLLISXOY FRFQIJENCY (l/SEC> 
C A (6 )  P A R l l C L E  V C L O C I T Y  (M/SEC) 
C AC7) SPEED OF 301lUO 
C 
C 2 9 GE.66KY A ( 1 )  N2 NUMRER Df:J3ITY 
C A(2)  01 NIIHRES OEYSIfY 
C A(3) 02 NIlM9EH DENSITY 
C A ( 4 )  AR NVMSES DEWSXTY 
C At51 HE NUM8ER D E Y S I T Y  
C A (6) H 1  NUMHER DENSITY 
C At71 TOTAL. NUYBFR DENSITY 
C 
C 

C A ( 2 1  KIWIATIC V x s c o a I T Y  ( M + + ~ / ~ E C )  
AC3) THEPYAL C C " ~ J C t 1 V I T Y  (J/M*SEC*DEG I() 

HLAN FREE PATH (HI 
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C 
C 
C 

C 
C 
C 

COMPUTE DENSITY 

I F (  HqLT.11. 1 

COMPUTE PRES3URE 

PRES 8 2,e7BS3072*DEN*T 
RFTURN 
END 
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c1 
c 

c 
C 
C 

c 
C 
c 
C 
C 
C 

C 
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I 

I C 
C 

C 
. C COPPUTL HYDROGFN NlJhRER DENS!TY F Z  T 158 

. __ . .- 
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[COR,I8 NHYDrNHYD 

C 
C NHYD COMPUTES HYDOGEN NUMBER DFNSITY ABOVE 1S8KM 

SUBROUTINE WHYD(ZpTrTl@,%N)  

DIMENSIOIJ X N ( 6 )  
C '  

COMMON /EILK2/ AH, X N t l p  T i l e  Ll1, XMH 
COMMON 1 1 3 ~ ~ 3 1  TINF, HAD, XL 

DATA 8/0,@540664/ G/0,801fl137/ 

XNC6) 8 CO, 
I F  (2,I.T. i 5 0 ,  ) RETURN 

E .I ( 2  - Z l l ) + t R C I D  + tll)/(RAP 6 2 )  

T F A C T  8 !tl¶/T)*+(l, + Ah + B I X V H )  
EFACT 8 EXP(nG*Xr!H*L) 
X N t 6 )  a XNllrTFACT*EFACT 

C 

C 
t 

C 
C 

C 

I f C L ~ C E ~ 5 0 0 ~ )  RETURN 
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